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Development of High Shape Factor Rolling Technology and Its Application
to Manufacturing Thick Steel Plates with 50 kgf/mm? Grade High Tensile

Strength for Arctic_Service

Synopsis:

Ryota YAMABA, Takeshi TSUZUKI, Yukio ToMITA,
Noboru OYAMA and Kametaro ITOH

Improvement of toughness at the mid-thickness of thick rolled steel plate (more than 50 mm) and manu-
facturing procedure for getting uniform properties over the whole thickness position were studied.

High shape factor rolling (large roll diameter and large reduction per pass) at non-recrystallization re-
gion brought about excellent toughness at the mid-thickness. We studied by simulation experiment and
rigid plastic finite element method (FFEEM) analysis, and showed that high shape factor rolling increased roll-
ing effect and resulted in fine ferrite grain size at the mid-thickness. _

Excessive high shape factor rolling made recrystallization of austenite grain, and toughness deteriorated.
Consequently, choice of appropriate rolling temperature and rolling pass schedule is important.

The thick steel plates with 50 kgf/mm? grade high tensile strength made by applying high shape factor
rolling technology have excellent toughness at base plate over the whole thickness position and at welded

joints, and can be used for arctic service.

Key words: rolling; steel for low temperature service; toughness; grain size; rolling shape factor; thick plate.
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Fig. 1. Schematic illustration of experimental
method.
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Fig. 2. Element division of rigid plastic FEM.

Table 2. Calculating conditions of rigid plastic
FEM.

Temperature distribution 850—% ( t'——g— )2 (°C)

Coefficient of friction 0.3

Revolutions per minute

of roll 10~15 (rpm)

s . e 251
Constitutive equations o=1.72X10 5 ¢ 0.00323 exp ( _Ts_ ) o 172

0=3.14%10° exp( 1640 )

T
X[l—exp{ 31. 95exp(—ﬂ }]

+1. ox109exp[ 31. 9eexp< 6;0 )]

t: Distance from surface (mm), # : Plate t}uckness (mm)
o : Stress (kgf/mm?), ¢ : Strain rate (s™1), € : Strain,
T: Temperature (°C)

Table 1. Chemical composition of steel used (wt%).

C Csi Mn P S

Ni Nb Ti Ce™V

0.06 0.23 1.31 ©0.006 0.002

0.71 0.007 0.009 0.36

Co™=C+Mn/6+(Cut+Ni)/15
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Fig. 3. Effect of roll diameter on toughness.

Pass Schedule (mm)

[ 190 184 178 170 164 158 152 142 130 120 110 103
97 91 86 80 75

§ :190 188 175 168 161 154 147 135 121 106 9383 75

2190 182 174 166 156 144 127 112 100 91 83 75

~ Roll dia. 1200mm% |

S 80 ‘ 1
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= 100t 1
X I Yot
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8 10 12 14 16 18
Pass Number

Fig. 4. Influence of rolling pass number on tough-
ness.
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Rolling Rolling Total
Steel starting finishing Inter-pass ﬁ.a
tem;()géa)ture temperature time(s) :{;el(ns
A 730 740 15 100
B 730 734 20 140
C 730 723 40 280
s 190—173— 147 —127— 112100 —90— 82—75(mm)
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Temp : 1050°C
g 10 A ’ c |
5 ~N——
—120 T . . s e T
S ransfer Time from Rolling Finishing]
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100 200 300
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Fig. 5. Influence of total rolling time on tough-
ness. -
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at Mid- thickness
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Fig. 6. Influence of rolling conditions on tough-
ness.
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Fig. 7. Influence of ferrite grain size on tough-
ness.
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Fig. 8. Variation of ferrite grain size with rolling
conditions.
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Fig. 9. Distribution of local reduction and effect
of rolling shape factor.
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Fig. 10. Effect of rolling shape factor on local re-
duction at the mid-thickness. -
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Fig. 11. Effect of local reduction at the mid-
thickness on toughness.
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a: 730°C rolling (recrystallization)
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Photo. 1. Optical micrographs of
high shape factor rolling steels.
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DEERORENETR ¢ LT % &, REROBAEX T
TEMBIEE L TR Wi, FEEFBENCTIRIGH A
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OB BEL W,

Z CCHEBMARERECX ) & 5 ICEEB LN, O
FTAHEERE LA, FHEEME Table 3 IZ/RT X5 128
AAF TV a—=WRRACIZLT, u—WR2 B LB,
O—VEFFRLICLT, NARF T 2— L5z EE
IZoWwWTITok, B, TITRNAAEOOEZEREL
TW5AH, BRESZELZVWLDERE L. Fig. 13

Table 3. Rolling conditions used in rigid plastic FEM.

Roll Revolution Pass schedule (mm) Number of
diameter | per minute (rolling shape divisions of
(mm¢ ) (rpm) factor rolling direction -
190-156-126-100-75
A 1200 10 (0.83)(0.95)(1.11)(1.40) 20
190-156-126-100-75 .
B 840 15 (0.69)(0.80)(0.92)(1.17) 20
190-178-167-156
Cp 1200 10 1(0.46)(0.47)(0.50) 15

[ Rolling Direction

100nm— 75mm

Stress (kgf/mm?)
<

Thickness N
Direction - ~
1

(kgf / mom?)

S S S T

Hydrostatic Stress

rollTut

. Location in Contact Arc

roli in

Fig. 13. Effect of roll diameter on stress at the
mid-thickness.
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2EOU—NVEIZOEFHE LTS, - LEOKEZW
F AT | O E MRS ST & ARE 7 6 O JE M) AR
L, BKEEIHBEML TWA. Fig. 14 13 190 mm »
5 156mm ¥ TL/XATCHEELZEEE 3NNATEEL
RGEDEREME TOHUOTAERLALZDBDTD
5. EELLHMEFLDHOMELOTAIZED S WA,
KHEAOHYL O T AR NAEOLZHHWEIL T B,
¥ 72, Fig; 15 i2 167 mm 75 156 mm ~3 X 0F 190 mm
5 156 mm ~NEEE L 7:356 o EIE B T o ZIRELLE

DEEFEORHERLIbDTHS. FRLOA S

AT IR LTS [BRIG IS 2 % Dxt L, BERE
DRI E DO TwAH. RS IIHIBOEARD
EBRERBLIUBESRBEO XY 74 FED 2 ETE
SNZIETIREE L ERMIC—BL TS, 72751, WE
PO TRALEOTAPBREIZIOTIFLALEDS

roll diameter 1200 mn2

5 .
=]
3 0.4} 167 — 156 mm 7
2o Selw
g 190 — 156
s 0.2f 178 — 167 ]
5
S 0.1t 190 — 178 ]
0 1 1 _1 J
- " Center Yt Surface

Location in Plate Thickness

Fig. 14. Effect of reduction per pass on equiva-
lent strain.

* : rolling shape factor
T

g ~ ‘ T
EEWV 190—156mm ; |
?’: o 0.88*

ag 10r 1
&

2 0p--———o —

>

g -10p ]
@ L 167 — 156 mm .

E —20 Center Ut Surface
(75}

Location in Plate Thickness

Fig. 15. Effect of rolling shape factor on stress
distribution of rolling direction.

Table 4. Manufacturing conditions of high toughness plate.

s Rollin, " Rollin . Average :

Slab Reheating ng o ng Rolling ag Water cooling Plate
thickness temperature te;?::zﬁre ¢ ef;m::g;lugr " pass rs (Llimeg finishing thickness
mm (*°c) °C) I()°C) number faCtl:)r temperature (°C) mm
190 960 680 690 5 1.0 410 75
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W, —F, ThETHRRTELLHICHETEEICX
DCEBEEIHET2DBFEETH L. 0T, EF
SR DARE e D ERARIR B (X 5 % 5 [5RIS ) & RIS
D, BKERDOHEOHEYE, &5ICEAMVT A
PARE BT CIEMFRIC 22 D T BT REME O MREE 7 & 954
BRENIRETHS.

Table 5. Mechanical properties of trial plate.

3-4 BMETEEIZLSSWMREOREIE
Table 1 (2R3 ftEkA1 122 &, Table 4 OHLESRMIC
THIE 75mm DMK ZTEL 7-. EEZFIMEE £ ik
L, 410°C T@HEMEIE L7z, 2 OHRO B oA
% Table 5 2787, @WBE b0 TERKER
e N (e Y
3-5 KEBEEEEEYMA HT 50 045t
FIIEORSERICET 5, KR CHERTEEZ HT
50 % Table 6 IR &MCREL, BEEEFHEL .

Testing | Testing Yl TS El S0%FATT .
location | direction | (kgf/mm?) (kgf/mm?) | (%) (°Cc) 'ﬂf,'?ﬁﬁk_ﬁ' % Table 7 IZ, BEAF @*&W W& % Table 8
Suface | 1 - - |- - IS, AT Table 9 1T, WIROEESMRIE
iE i TEFSIR ~
V4t T 47.0 56.3 22 197 MR K& A5 LEL FEERRIELE LT0.3~0.9
121 T 46.1 5.7 | 31 —129 ThH Y SEOME R LD 2 2/h SOOI THD
7o%8, &EFET —100°C LT O 50% FATT % H6n T
Wb, 7, BERFEMY Fig 16 IR T4, BEA
Table 6. Manufacturing conditions of high toughness plate for arctic service.
' . Rolling Rolling . Average ! . :
Slab Reheating . e Rolling . Wat 1 Plat.
thickness temperature te:,‘fﬁ;’;fre tef:lmes hx{xugre ‘ pass rc;)llmg fiflli‘sg(i)r?gmg thickan:ss
(mm) (°c) ‘()°C) I(’néa) number fsaqft%i temperature (°C) mm
190 960 740 730 12 0.7 490 ) 75
Table 7. Chemical composition of base plate (wt%).
c Si Mn P S Ni Nb Ti CoW
0.07 0.25 1.30 0.007 0.002 0.47 0.72 0.007 0.008 0.37
Ce™W=C+Mn/6+(Cu+Ni)/15 ’
Table 8. Mechanical properties of base plate.
. . E— vE—
Thickness Testing Yp TS El RA FATT v 80 10
location direction (kegf/mm?) (kgf/mm?) (%) (%) (°C) ( A(‘lfff/l\xdnll) ( A(\];(egf/l\r/lnisn)
Surface L _ _ _ _ —116 27.6/26.8 21.6/17.9
—6 mm T —115 25.8/23.1 22.2/20.7
1/4 1 L 43.3 52.1 36 77 —140 33.0/32.0 24.7/22.6
T 42.1 52.2 36 78 —140 29.6/29.3 26.7/24.6
1/21 L 45.0 53.3 38 79 —104 20.5/16.3 17.7/14.0
T 40.9 51.6 34 72 —104 23.0/21.6 16.0/12.1
Table 9. Welding conditions of submerged arc welded joint.
Welding conditions
Welding . _ Distance] Heat
me thod Edge preparation Elec- (z.‘g‘z Vf;éé %P ced between |input
trode (A) (V) /cm L and T (kJ/
min)|  (@m)  (em)

SAW

75

<
<

%:
30,19] 36
Y

L | 80| 36

50 30 75

T | 800 | 40
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